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Introduction
stages of the plant and/or on the culture conditions.
Using thin cell layers (TCL) from the floral branches of Thin cell layers (TCL) and leaf explants were excised Nicotiana tabacum L., it is possible to induce the formafrom tobacco plants in the vegetative and flowering tion of flowers, shoot buds, roots or callus, depending on stages and cultured under various hormonal condithe concentration and balance of hormones in the culture tions. In TCLs of vegetative-stage plants, the expresmedium ( Tran Thanh Van et al., 1974 ; Meeks-Wagner sion of rolB enhanced the formation of the shoot buds et al., 1989). Moreover, using the hormonal conditions under hormone-free conditions and with specific confor flowering suggested by Tran Thanh Van et al. (1974) centrations of auxin and/or cytokinin. Histological (i.e. 1 mM indole acetic acid [IAA] and 1 mM kinetin examination showed that the induction of the shoot
[ Kin], referred to as 'flowering medium'), TCLs from meristemoids was particularly enhanced by rolB proflowering plants form only flowers from the pedicels and tein and that meristemoid growth was accelerated. In flowers associated with shoot buds from the rachis leaf explants from vegetative-stage plants, the expres- (Altamura et al., 1989) . Thorpe et al. (1978) and sion of rolB increased the formation of shoot buds in Altamura et al. (1995) have shown that shoot buds, but the presence of 1 mM IAA plus 1 or 10 mM cytokinin.
not flowers, can be obtained from TCLs of the stems of With BA alone, at a 0.1 mM concentration, shoot formaplants at the vegetative stage cultured in the presence of tion occurred in the transgenic explants only, whereas 1 mM IAA and 10 mM benzyl-aminopurine (BA) ('shootwith concentrations ranging from 0.5 to 10 mM, it was forming medium', according to Tran Thanh Van et al., higher in these explants than in controls.
1974). RolB protein enhanced the formation of shoot buds
Various types of organogenesis in vitro are also obtainin TCLs from flowering plants under all hormonal conable from leaf explants. An auxin concentration of 10 mM ditions. In the presence of 1 mM IAA and kinetin, the is able to induce rhizogenesis in tobacco leaf explants protein also increased the flowering response. In leaf with the main veins (Brossard-Chriqui, 1980) , whereas explants from flowering plants, the expression of rolB the presence of a cytokinin, in the same or at a higher increased the number of shoot buds in the presence concentration than auxin, is required for obtaining shoot of 1 mM IAA with 10 mM BA.
formation (e.g. in Saintpaulia ionantha Wendl. and In conclusion, rolB protein promotes shoot formaLycopersicon esculentum Mill.) (Dodds and Roberts, tion; it seems to have a positive interaction with cytoki-1986). Shoot bud formation has also been obtained in nin and an effect on the induction of the meristematic condition.
the presence of various concentrations of cytokinin alone (e.g. from tobacco leaves) (Martin-Tanguy et al., 1988;  highly involved also in the control of flower formation from TCLs (Smulders et al., 1990a, b) , the effect of rolB Attfield and Evans, 1991) . Moreover, as shown in Crepis capillaris L. Wallr., leaf explants are able to produce protein on the formation of root and floral meristemoids might result from the positive interaction of the protein shoot buds when excised from plants at the vegetative stage, and flowers when excised from flowering plants with auxin. Alternatively, rolB protein might be able to promote meristem formation either per se or in combina- (Brossard, 1979) . Thus both TCLs and leaf explants acquire the competence to produce flowers in vitro only tion with hormones (not necessarily auxin). In this case, it could also be involved in organogenic programmes that when they are excised from flowering specimens. However, the two types of explants are different in terms are not auxin-mediated, such as shoot formation, a programme mediated by cytokinin (Skoog and Miller, 1957 ; of both tissue composition and organ histogenesis in vitro ( Tran Thanh Van and Dien, 1975; Brossard, 1979; Wilms Dodds and Roberts, 1986) . The aim of the present study was to investigate the and Sassen, 1987; Altamura et al., 1994 Altamura et al., , 1995 Capitani et al., 1995; Bellincampi et al., 1996) . possible role of rolB protein on shoot formation obtainable from explants with different tissue compositions and Each of the rol genes (i.e. rolA, rolB, rolC, and rolD) from Agrobacterium rhizogenes Conn. has been shown to organogenic patterns ( leaf explants with the main veins and TCLs), excised from plants in different physiological modify the growth and development of the plant in peculiar ways (Sinkar et al., 1988; Schmü lling et al., 1988;  stages (vegetative and floral ) and cultured under various hormonal conditions, including the absence of exogenous Mariotti et al., 1989; Mauro et al., 1996) ; however, only the protein of rolB gene (when expressed as a single gene)
hormones.
It was observed that protein coded by rolB enhances is able to induce root formation (Capone et al., 1989a, b) . RolB transformed tobacco leaf discs exhibit increased shoot formation, promoting the organization of shoot meristemoids. The possibility of a positive interaction of sensitivity to auxin (Spanò et al., 1988) . Moreover, membrane fragments from transformed plants are able to bind this protein with cytokinin in shoot formation, and the possibility that the protein exhibits a meristem-inductive a higher amount of auxin than those of untransformed plants, and this increase in activity is completely and function acting in combination with exogenous and endogenous hormones are discussed. selectively abolished by anti-rolB antibodies (Filippini et al., 1994) . Estruch et al. (1991) to have a tyrosine phosphatase activity (Filippini et al., 1973) harbouring two constructs were used: (i) the rolB gene under the control of a 1185-bp segment of its 5∞ upstream non-1996).
coding region, and (ii) the b-glucuronidase (GUS) gene fused
The organogenic role of the protein coded by rolB gene to the rolB promoter (i.e. pMCSHp15 and p1CB1185-GUS on tobacco leaf explants has been shown on rhizogenesis constructs, respectively, described in Altamura et al., 1994). and is demonstrated by the appearance of the rooting These transgenic plants, named 'BpB-GUS' by Altamura et al. response on hormone-free medium, a response which is (1994) , are the source of the explants reported as 'rolB-explants' in this paper. Furthermore, in this paper, Petite Havana absent in the untransformed explants (Cardarelli et al., SR1-BpB-GUS and Petite Havana SR1 genotypes are referred 1987), and by the enhancement of this response in the to as 'rolB-genotype' and 'SR1 genotype', respectively. presence of exogenous auxin (Spanò et al., 1988; Bellincampi et al., 1996) . It has also been shown that the both of the pedicel tissues to form floral meristemoids (Cardarelli et al., 1987) .
The plants positive to both the screening tests (i.e. staining and of the stem tissues to produce root meristemoids with X-Gluc and rooting response) and the untransformed under the hormonal conditions suitable for flowering and controls were used in two different stages: the vegetative stage, rhizogenesis, respectively ( Tran Thanh Van et al., 1974) .
in which the shoot apex was histologically vegetative in structure Two hypotheses may explain the results reported in the and ten leaves ≥5 cm in length were present on the stem, and literature. Since it is well known that auxin is a general the full flowering stage, in which the inflorescence was fully developed (almost all the flowers at anthesis).
inducer of rhizogenesis (Blakesley, 1994) , and that it is Explants and in vitro culture Image analysis and statistical evaluation Micrographs in radial longitudinal section of TCLs were Leaf explants with the major veins (1×2 cm) were excised from acquired with a SONY DXC-101P camera applied to a Zeiss the 3rd and 4th leaves starting either from the apex (vegetative Axiophot microscope. The images were digitised with the Image plants) or from the lowest bract (flowering plants), then Grabber 2.3 software for Power Macintosh 7100/80 and sterilized with a 10% dilution of a commercial bleach (0.6% analysed using Optilab 2.6.1. software. active Cl ) and rinsed three times for 10 min in sterile
The total number of meristemoids present in all of the TCLs distilled water.
of each sampling date and genotype on the shoot-forming Thin cell layers (TCL), composed of epidermis, subepidermal medium was counted and expressed as mean±SE, and the area chlorenchyma and cortical parenchyma (1×10 mm, six cellular of the meristemoids was calculated as the mean±SE of 30-35 layers in depth), were excised from the stem internodes micrographs, randomly selected per sampling date. (vegetative plants) and from the rachises of the inflorescences Significance of differences between means was evaluated by (flowering plants) and sterilized as above.
the Student's t-test, and of differences between percentages The explants were cultured on MS medium either with 1 mM (calculated on the responding explants) by the chi-square test. IAA and 10 mM BA (shoot-forming medium, Tran Thanh Van Inflorescences were counted as single flowers. et al., 1974), or with 1 mM IAA and 1 mM Kin (flowering medium, Tran Thanh Van et al., 1974) , or with BA alone (range 0.1-10 mM ), or under hormone-free conditions (HF Results medium). The pH was adjusted to 5.6 with NaOH or HCl, and 0.8% of agar was added to each medium. Two replicas of each experiment were carried out with similar results; the data from the second experiment are shown here.
Histological analysis of shoot formation on TCLs cultured on
The time-course of organogenesis was scored daily with a stereomicroscope. At the end of the culture period, the explant's productivity was evaluated and expressed as the percentage of explants with organs and as the mean number (±SE) of organs per explant.
Histochemical assays
Ten randomly picked TCLs per day and per genotype were used for the histological analysis; sampling was performed at day 0, 4, 6, 8, 12, 14, and 30 . The histochemical treatment of the transgenic explants with X-Gluc solution was carried out before fixation, as previously described (Altamura et al., 1991) . Both the X-Gluc treated transgenic explants and the untreated controls were fixed in 70% ethanol, dehydrated by the tertiary butyl alcohol series, and embedded in paraffin (melting point 58°C ). Sections (10 mm) were cut with a Pabish Topsuper S-150 microtome, and either placed in xylol for 20 min and mounted in Eukitt (transgenic explants), or stained with hematoxylin and eosin using a Topstainer LX-100 (control explants, Altamura et al., 1994) .
The use of X-Gluc procedure for the histological observation of the meristemoids in the transgenic TCLs was preferred to meristemoids per rolB-explant increased from day 4 up to the culture end (day 30), whereas in the controls, meristemoids appeared later (day 8), and their number remained quite constant afterwards. At day 6, the bulk of meristemoids on rolB-explants already showed the differentiation of the tunica ( Fig. 2) , thus revealing their vegetative (shoot) nature ( Esau, 1965) . At the culture end, a highly significant difference in the number of meristemoids was observed between rolB-and control explants (Fig. 1) . The meristemoid area continuously increased for the control explants, while in rolB-explants it reached its final size earlier (day 12). In fact, the meristemoid dimensions at the culture end were similar for both genotypes (Fig. 1) . The time necessary for the transformation of a meristemoid into a shoot primordium ( Fig. 2B, C ) was also decreased by the expression of rolB. The shoot primordia were, in fact, histologically visible on rolB-explants already at day 8 ( Fig. 2B) (1.8±0.3) , and at day 14 ( Fig. 2C ) the quantity of shoot primordia was nearly three times greater for rolB compared to the controls (12.5±1.3 and 4.5±0.5, respectively, P<0.01 difference).
Effect of the protein coded by rolB gene on the responses in vitro of TCLs and leaves from vegetative plants
The percentage of responding explants on the HF medium was very low, though it was significantly higher in the rolB genotype, and shoot formation was the only response, with a significantly greater number of shoot buds per rolB-explant compared to the control ( Table 1) .
On both the shoot-forming and flowering media, the sole response observed was shoot formation in both genotypes ( Table 1) . However, in both culture conditions, significant differences were observed between the two Table 1 . Percentage of responding TCLs cultured on hormone free, shoot-forming (1 mM IAA and 10 mM BA) and flowering (1 mM IAA and 1 mM Kin) media, and excised from vegetative plants of rolB-and SR1 genotypes genotypes both in terms of percentage of explants with the culture end, highly significant differences were observed between the genotypes in the number of shoot shoot buds and, mainly, in terms of number of buds per explant ( Table 1) .
buds produced per explant ( Table 2) . Under the flowering medium, leaf explants of rolB At 0.1 mM BA alone, both rolB-explants and controls were able to produce shoot buds, though the shoot genotype produced many shoot buds and some roots ( Table 2 ). The percentage of explants with the former response was greater for rolB genotype (43% of the explants with a mean number of 9.8±1.6 shoot buds per response (pure plus mixed programmes) was significantly higher for rolB than SR1 plants, and the mean number explant compared to 25% of the control explants with 5.0±1.0 shoot buds per explant). With a 100 times higher of shoot buds per explant was also higher in the rolBexplants (Table 2) . concentration of BA alone, the rolB-explant showed widespread necrosis and no shoot response. In the con-
The leaf explants were also cultured in the presence of various concentrations (range 0.1 to 10 mM ) of cytokinin trols, necrosis was significantly (P<0.01) lower, and the explants that were still alive did not produce organs, but (BA) alone ( Table 3 ). Shoot formation prevailed over rhizogenesis in both genotypes, and the highest shoot callus only.
Thin cell layers were also cultured under callogenic formation occurred at 10 mM BA. At 0.1 mM BA, the control explants produced callus without organs, whereas conditions followed by shoot-forming conditions (see Materials and methods) with the aim of verifying whether rolB-explants expressed both rooting and shoot formation at similar levels ( Table 3 ). In the transgenic system, shoot the rolB protein was able to enhance shoot formation under these conditions. Under callogenic conditions for 50 d, no organogenic genotype and 65% for the control ) were transferred to
HF medium. After 27 d of culture on HF, the percentage of rolB-TCLs with shoot buds (48%) was significantly was shoot formation ( Table 2) . On this medium, in
rolB-explants, compared with the controls, significant **, P<0.01 differences between the means of shoot buds of the two (P<0.01) increases were observed in the number of genotypes.
explants with shoot buds, mainly during the first 10 d of a No more than 1 root per explant. b100% explants with callus only.
culture (72% and 35%, respectively, at day 10). At Table 2 . Percentage of responding leaf explants cultured on the hormone free, shoot-forming (1 mM IAA and 10 mM BA) and flowering (1 mM IAA and 1 mM Kin) media, and excised from vegetative plants of rolB-and SR1 genotypes
The mean number of organs produced per explant (±SE ) is shown in parentheses. 'Mixed response' indicates shoot buds and roots on the same explant. formation increased with increasing concentrations (from genotypes produced shoot buds. They showed shoot buds only (pure programme), mainly in the case of rolB 0.1 mM to 10 mM ), while rhizogenesis was constantly present up to 1 m. Under each BA treatment, the number genotype, or shoot buds associated with flowers on the of shoot buds produced was significantly higher in rolBsame explant (mixed programme). The mean numbers of than control explants ( Table 3) .
shoot buds (pure and mixed programmes) on rolBexplants were significantly higher than those of the conEffect of the protein coded by rolB gene on the responses in trols ( Table 5) . vitro of TCLs and leaves from flowering plants Using the flowering medium, the main response obtained by rolB-leaf explants was the formation of roots, In the absence of the exogenous hormones (HF medium), both as percentage of rooting explants and as mean in both rolB and SR1 the same low percentage of TCLs number of roots per explant ( Table 5) . Flower formation produced flowers and shoot buds; however, the number occurred as a mixed response in both genotypes; the of shoot buds on rolB-explants was higher than that on percentage of rolB-explants with flowers was 1.9 times the controls ( Table 4) .
greater than that of the controls ( Table 5 ). On the shoot-forming medium, the types of the organs produced (shoot buds and flowers) remained the same as on the HF medium, and for both genotypes; however, significant differences were observed for the shoot Discussion response, both in the number of explants showing shoot
The tissue composition of explants such as leaves, TCLs, buds only (pure programme) and the mean number of and pith, the physiological stage of the donor plant from shoot buds per TCL (pure and mixed programmes, which they are excised ( Tran Thanh Van et al., 1974; Table 4) . No significant difference between rolB-and SR1 Brossard, 1979; Altamura et al., 1995) , and the genetically TCLs was observed for either percentage of explants with determined responsiveness ( Kamate et al., 1981) are flowers or mean number of flowers per explant ( Table 4) .
important factors in organ formation in vitro. The results On the flowering medium, the percentage of TCLs with of this study show that rolB protein can affect organ shoot buds was higher for rolB-than SR1 explants, and formation independently of such factors. However, rolB the response was mainly mixed (shoot and floral buds on seems to interact positively with the inherent competence the same explant) ( Table 4 ). The percentage of rolBof the explant, another factor that can affect organoexplants with flowers (pure plus mixed programmes) genesis (George, 1993) . In fact, in the absence of exogenhighly exceeded that for the controls ( Table 4) . Significant ous hormones, TCLs excised from vegetative plants differences were also observed in the TCLs of the two produce shoot buds only, thus showing a strictly shoot genotypes in the mean number of flowers per explant competence independent of the genetic transformation (pure plus mixed programmes) ( Table 4) .
with rolB, and the presence of rolB protein enhances this On HF medium, the leaf explants of both genotypes response. In the same culture conditions, leaf explants showed a poor response, with rooting on rolB-explants show a rhizogenic competence, with explants from normal significantly higher than that on the controls ( Table 5) .
On the shoot-forming medium, all the leaves of both plants forming root meristemoids and those from rolB plants forming macroscopic roots (Bellincampi et al., enhances the formation of floral and root meristemoids 1996; this paper).
in tobacco TCLs (Altamura et al., 1994) . In the present The role of rolB protein becomes more evident when paper it is shown that the same protein also enhances the organ formation is controlled by exogenous hormones. Its formation of shoot meristemoids and accelerates their promotion of exogenous auxin-induced rhizogenesis is growth, without affecting their final size. Thus, the general known for both TCLs and leaf explants (Altamura et al., effect of rolB on organogenesis seems to be related to the 1994; Bellincampi et al., 1996) and confirmed here. Its early induction and growth of meristemoids. promotive effect on flowering, another programme under
In conclusion, rolB protein enhances shoot formation exogenous auxin control (see Introduction), is also known in different tissue types and from plants in different stages, for TCLs (Altamura et al., 1994) , and has, in the present stimulating the induction and accelerating the growth of study, also been observed for the leaf explants. These results the shoot meristemoids. The protein appears to enhance show that the protein coded by the rolB gene also exerts a shoot formation, rhizogenesis, and flower formation by consistent, promotive effect on shoot formation. In shootpositively interacting at the level of meristemoid formaforming medium and excising the explants from vegetative tion with exogenous and endogenous auxin and cytokinin plants, the promotion of shoot formation induced by rolB concentrations, which are responsible for the different protein is very high and totally independent of the explant types of organogenesis. type (Tables 1, 2 ). This promotion is also evident under suboptimal conditions: explants excised from vegetative
